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Abstract 
In Escherichia coli heat stable enterotoxin (STa)-treated rat enterocytes, the rise of inositol triphosphate (IP 3) preceded the rise of 
[ Ca2+ ]i. Chelation of extracellular Ca 2÷ with EGTA and suspension of cells in Ca 2+ free buffer both demonstrated the enterotoxin-in- 
duced initial rise of [Ca 2+ ]~ with a concomitant loss of sustained phase. Furthermore, pretreatment of cells with dantrolene resulted in a 
decrease of the early response of [Ca 2+ ]i, indicating the initial effect of the enterotoxin on the rise of [Ca 2÷]i was mostly due to its 
mobilization from some IP3-sensitive intracellular stores. 
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Heat stable enterotoxin (STa) produced by enterotoxl- 
genic Escherichia coli causes secretory diarrhoea in hu- 
mans and animals [1]. It is a small peptide of 18 or 19 
amino acid residues [2] and triggers intestinal secretion by 
elevating the intracellular levels of cyclic guanosine 3'5' 
monophosphate (cGMP) [3]. Inhibition of STa-induced 
fluid accumulation i suckling mouse by Ca 2÷ antagonists 
[4,5] and prostaglandin synthesis blockers [4,6] indicate 
that STa-mediated secretory response is not a direct pro- 
cess but follows a cascade mechanism. Previous reports 
from our laboratory have also shown that, apart from 
cGMP, two other second messengers, i.e., inositol triphos- 
phate (IP 3) [7] and diacylglycerol (DG) [8] are derived 
from the receptor-mediated inositol phospholipid break- 
down initiated by the activation of phospholipase C (PLC) 
[9] by STa. It is now well recognized in many cellular 
systems that IP 3 mobilizes Ca 2÷ from some intracellular 
stores [10] and DG activates the protein kinase C (PKC) 
either independently of or in concert with the rise of 
cytosolic Ca 2 + [11]. Following STa stimulation the activity 
Abbreviations: STa, heat stable enterotoxin; cGMP, cyclic guanosine 
3'5' monophosphate; PLC, phospholipase C; IP, inositol monophosphate; 
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balanced salt solution; BSA, bovine serum albumin; EGTA, ethylene 
glycol-bis-(/3-amino ethyl ether) N, N'-tetraacetic a id. 
* Corresponding author. Fax: + 91 33-3505066. 
0167-4889/95/$09.50 © 1995 Elsevier Science B.V. All rights reserved 
SSDI 0167-4889(95)00055-17 
of membrane bound PKC has been found to be increased 
in rat enterocytes [12,13] and T84 cells [14]; however, the 
functional role of IP 3 has not been evaluated. In this 
communication, we have demonstrated a rise of cytosolic 
free Ca2+(Ca2+] i) in rat enterocytes and an attempt has 
been made to correlate it with the formation of IP 3. 
Rat enterocytes were prepared from jejunum according 
to the method of Weiser [15] and suspended in balanced 
salt solution (BSS) containing 135 mM NaCI, 4.5 mM 
KCI, 5.6 mM glucose, 0.5 mM MgC12, 10 mM Hepes and 
1 mM CaCI 2 (pH 7.4). Cell numbers and viability were 
determined with a hemocytometer and by trypan blue 
exclusion, respectively. To examine the specificity of STa 
action on phosphoinositide-specific PLC activity, cells (4 • 
106/ml) were first labelled with myo-[2-3H]inositol (20 
/xCi/ml, spec. act. 80-120 Ci/mmol, Amersham) at 37°C 
for 90 min by which time the incorporation of [3H] into 
inositol lipids had reached optimal (data not shown) and 
84 ___ 3% cells still retained the viability. Following STa (6 
ng) treatment, he individual inositol phosphates were sep- 
arated by Dowex AG1 × 8 (formate form, 100-200 mesh, 
Bio-Rad) anion exchange chromatography as described by 
Marc et al. [16]. Fig. 1 depicts that in control cells the 
major inositol component was IP while the levels of IP 2 
and IP 3 were low. But after STa stimulation the initial rate 
of IP 3 release was much higher than that of IP 2 and IP. 
Optimal accumulation of IP 3 (about 4-fold) was noted after 
45 s of STa treatment, followed by rapid degradation. In 
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Fig. 1. Time course of STa action on the accumulation f inositol 
phosphates in rat enterocytes. Data represent the mean + S.E.M. (n = 3). 
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Fig. 3. Effect of different concentrations f STa on the [Ca 2+ ]i in rat 
enterocytes. Data represent the mean + S.E.M. of 3-4 determinations. 
contrast, the release of IP 2 and IP was slow process and 
continued to increase even up to 2 min. Thus, the time 
sequential generation of inositol phosphates in the order of 
IP 3, IP 2 and IP indicated that IP and IP 2 were the degrada- 
tion products of IP 3. 
Next, we measured the [Ca2+]i using fura-2 fluores- 
cence. Briefly, cells (4. 106/ml) suspended in BSS (pH 
7.4), plus 0.1% bovine serum albumin (BSA) were loaded 
with 10 /xM fura-2/AM (Sigma) and incubated at 37°C 
with constant shaking in dark. After 40 min the cells were 
washed, resuspended in BSS and transferred to a quartz 
cuvette of Hitachi spectrofluorometer (model 4010). Fluo- 
rescence (F) was measured at 37 ° C with excitation at 340 
nm (slit 5 nm) and emission at 495 nm (slit 5 nm). 
Maximum (Frna×) and minimum (Fmin) fluorescence were 
measured in the presence of 0.1% Triton X-100 and 20 
/zM MnCI 2, respectively. The [Ca2+]i was then obtained 
using the formula [17]: [Ca 2+ ]i = 224 (F -  Fmin) / (Fma x - 
F). As shown in Fig. 2, treatment of enterocytes with STa 
(6 ng) provoked a rapid increase in [Ca2+] i as compared to 
control (51 + 3 vs 165 _+ 14 nM, P < 0.001, n = 3). The 
[Ca2+]i increased as early as 45 s and became maximal 
within 1 min of STa incubation followed by a sustained 
phase up to 11 rain. Thereafter, the [Ca 2+ ]i diminished but 
remained still higher than the prestimulation level even up 
to 18 min. The effect of STa on [Ca2+]i was also dose-de- 
pendent (Fig. 3) and optimal elevation was found with 6 
ng STa, which was used in all our studies. 
Next, we sought o determine whether the rise of [Ca 2+ ]i 
was due to the release from endogenous stores. Chelation 
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Fig. 2. Time course of STa action on the [Ca 2+ ]i in rat enterocytes. 
Arrow indicates the time of addition of toxin (6 ng). The results hown 
here was the tracing from a representative experiment and similar esults 
were obtained in2 other experiments. 
of extracellular Ca 2 + (1 mM) with 5 mM EGTA reduced 
both basal and enterotoxin (6 ng)-induced rise in [Ca2+] i 
from 51 _+ 3 nM to 34 _+ 4 nM (P  < 0.02, n = 3) and from 
165_+ 14 nM to 109 + 7 nM (P  < 0.02, n = 3), respec- 
tively (Fig. 4A). The sharp rise of [Ca2+]i was observed 
within 1 rain followed by a decay towards baseline. Like- 
wise, when the cells were treated with STa in Ca 2+ free 
buffer, an early spike with loss of the sustained phase of 
[ Ca2+ ]i was observed (Fig. 4B), and the [Ca 2+ ]i was raised 
from 43 _+ 4 nM to 101 _+ 5 nM (P  < 0.001, n = 3) after 1 
rain enterotoxin treatment. Another approach to confirm 
the release of Ca 2+ from intracellular stores was to use 
dantrolene, an IP3-induced Ca 2+ release inhibitor [18]. 
Pretreatment of cells with 50 /zM dantrolene (Sigma) 
resulted in about 60% reduction of STa-induced [Ca2+] i 
rise (165 + 14 nM to 68_+ 6 nM, P < 0.01, n - -  3) (Fig. 
4C). However, dantrolene had no effect on basal level of 
[Ca2+]~ (51 _+ 3 nM to 48__+ 2 nM, P > 0.05, n = 3). All 
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Fig. 4. Effect of EGTA, Ca 2+ free buffer and dantrolene on[Ca 2+ ]i in 
rat enterocytes. Cells were incubated (A) with 5 mM EGTA for 10 rain, 
(B) in Ca 2+ free BSS for 40 min or (C) with 50 /.tM dantrolene for 15 
min prior to the STa treatment. Arrow indicates the time at which 
enterotoxin (6 ng) was added to the cell suspension. The tracings were 
representative of 3separate experiments using different cell preparations. 
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these data, therefore, indicate that in response to STa 
enterotoxin the initial cytosolic rise of Ca 2+ was mostly 
due to the mobilization of this bivalent action from en- 
dogenous stores and the sustained phase of [Ca2+]i re- 
sponse was due to its uptake from extracellular environ- 
ment. That the STa may enhance the extracellular Ca 2+ 
uptake has gained additional support from three other 
studies howing (1) STa increases the 45Ca2+ uptake by rat 
intestinal brush border membrane vesicles [19] and by rat 
basophilic leukemia cells [20], (2) a carboxyterminal re- 
gion of STa molecule resembles that of the typical Ca 2 + 
ionophore A23187 [21]. Using only a single dose of syn- 
thetic STa in flow cytometer, Knoop et al. [22] have shown 
an initial decrease followed by a rapid increase of cytoso- 
lic Ca 2+ in rat enterocytes without providing any evidence 
for IP 3 formation. In conclusion, this communication, for 
the first time, clearly demonstrates aninitial rise of [Ca 2÷ ]i 
in STa-treated cells. Moreover, the effect is dose-depen- 
dent and IP 3 is involved in this process. 
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